demand for their sarvices and, by the same token, their profitability. The second
tertn, which stems from the difference in installed bases, also increases for the
small backbone but decreases for the big one with the guality of interconnection.
This term illustrates the stratcgic impact of a degradation of interconnection qual.
ity. Although the demands for both backbones decrease when this quality goes
down, the smaller backbone is more affected. Hence, by degrading the intercon-
pection quality, thie bigger backbone can “discourage” its rival from attracting
new custorners, thereby increasing its own residual demsnd.
One therefore has

om %
29 <58

the bigger backbone has less tncentives than ils rival to mainlain a high guality of
inierconnection.

The strategic effect of degrading the quality of interconnection is illustrated
by Figurc la, which represents the two backbanes’ reaction curves (the horizontal
axis corresponds to g; and the vertical axis to ga, and the steeper curves are the
dominant backbone's reaction curves, q; = R, (¢;)) for particular values of the
pararneters, respectively for € = 1 (solid lines) end 8 = 1/2 (dashed lines). In the
absence of strategic interaction (that is, keeping the rival's capacity constant),
each hackbone suffers from a degradation of the quality of interconnection: both
reaction eurves move “downwards” when @ decreases).' But this nezative impact
is asyrametric: it is smaller for the bigger backbone (R, (.) moves less then Ry (1)),
30 that the equilibrium point (the intersection between the two rcaction curves)
moves uway frorn (and below) the ¢5° line; the dominant backbence's capacity is
thus less affected than its rival's one (in this example, it is almost not affected
when 8 decreases ffom 1 to 1/2), which in turn implies that the bigger backbone
has less incentives to maintain the qualily of interconnection. It may even be the
case that the dominant backbene benefits from the degredstion of the interface:
in this example, the dominant backbone ends up attracting more custorners when
f = 0 than when 8 = 1, whereas. the smeller backbone almost dissppears from

‘“Being hurt” appliex here ta both market shares and profits. Profitssatisly m: = (1 — ) ¢? ws
long as backbone ¢ retunias an its roaction curve, so that the evolution of thec capacities ¢; indeed
suffices to determinc whether profits incrense ot decremse with the quality of intersnnnection (ia
other wards, q: = R; (g;; #) summarizes both the direct impact. of 0 ond the impact of » change
in tha rivel's quantity).



the market for unattached customers when 8 = 0.
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Figure 1a

Effect of a degradation from 8 = 1 (sclid lines) to 6 = 1/2 (dashed lines)
(C = Olv = '41ﬂ1 = '4|ﬁ2 = -1)

The impact of a degradation of the intaconnection is even more asymmetric
when this interconnection is already degraded, sinee this ineases the dorinant
backbone's advantage: the difference in “total bases”, 8, — 8, + @1 — ¢z, incresses
when interconnectivity is degraded. There is thus 2 "snowball effect”, making
further degradations less harmful or mexre attrective for the dominant backbone;
for instance, in the above example the dominant backbone, who is slightly hurt
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when 8 decreases from 1 to 1/2, benefits from ancther reduction from 1/2 ta 0.

Figure 1b
Effect of & degradation from 8 = 1 (solid lines) to § = 0 (dashed lines)
(c=0,vm 4,8, =4,8,=.1)

In the absence of cost for maintaining the quality of interconnection, the
smaller backbone always prefers to maintain & perfect interconnection. Similarly,
the two backbones would have ap incentive to maintain a high interconnection
quality if they were of the samme s;ze. When one backbone has a bigger installed
buse, however, he may well prefa to degrade the interconnection quality. This
is indesd the case when the strategic effect dominates (u in Figure 1), that is,
when the installed base advantage is large enough. Furthermore, because of the
snowball effect mentioned above, the dominant backbone's best degradation strat-
egy, if degradation is indeed optimal for the dominant network, will be to refuse
interconnection (6 = 0).%

Starting from perfeet quality of interconnection (¢ =1), % ix negative when

sa > 3p+2 =22,
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In the presence of a cost of quality of interconnectien, it is in general nather
socially efficient nor privately optimal, even for the smalier backbone to choose a
pezfect connectivity (8 = 1), But the larger backbone has a bias towards lower
quality, that is, a dominant supplier always favers a lower quality of interconnee-
tion then the smaller backbone. Moreover, the dominant bazkbonc's best strategy
will still be to refuse intexconnection (6 = 0) if it is optimal to do so in the absence
of a cost of quality of interconnection.

Remark (Cournot versus Bertrond competition). It is well-known that aligopoly
models sometimes generate substautially different conclusious, depending on the
assumptions mude on the nature of cornpetitors' strategic interactions, One par-
ticular example is the contrast between Cournot models, which take quautities
or caparities as the key strategic variables, and Bertrand models, wkich instead
consider prices to be the kry strategic decisions: capacities are often considered
to be stratagic substitutes (one firm will react to its rival's expension by reducing
its own quantity or capacity) whereas prices are usually considered to be strategic
complements (e firm will resct to increases in its rivals’ prices by inereasing ity
own price). However, our analysis of the dominant firm's strategic incentive to
degxade interconnectivity is robust to changes in the medelling of the day-to-day
rmode of competition: We have explored an alternative duopoly model where: the
two backbones comupete in prices rather than in capecities, and shown that the
same unalysis as above exactly applies to this case as well: (i) it is still tyue that
the larger backbone has less incentives to invest in the quality of interconnection;
(ii) assuming awsy the costs of interconnection, a small backbene would always fa-
vor the best quality of interconnection, whereas the dominant beckbone may well
prefer instend a small degradation, and even more so, a complete degradation of
this quality. This slternative model, which allows for some differentiation between
the two networks, further shows that the analysis remains valid cven when some
of the sew customers have an g priort bias in faver of the smaller backbone.

that is, when the big backbouc's advantage in installed Lasc is larze enough. However, the
profit ] is conver with respect to the interwennestion quality §. llence, the bigger buckboae's
optimal choiced would either be 6 = ] (perfext interconnection) or # = 0 (nu interconnection).
The comparison of 7§ and 1<, the profits obteined for each of those Lwo chaices, shows that
the bigger backbone will prefer not to interconnest (7]< > 7f) when

(1-2)(2(1-c)+(3-v)F)
3{(1—v)(3-2v) ’

A>

When for example ¢ = 0 and v = 1/3, this condition beils down te & > 1/4,
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3.5. Muitihoming

Until now, we have assumed that custoruers could only “single home”. A new
customer with type v then cbtains net surplus

v -7
Can it be in the interest of the customer to rultihome, assuming this is [easible
(see our discussion in the text)? The answer is negative: multihoming yields net
utility
viu(Bi+ Pt g)—(Eitm) = v—2B-v8(B +q+F+qa)
< v-— pv

since > 0 (theat is, g, + g2 cannot excerd the total demand, equal to 1); multi-
homing is dominated, betsuse consumers would end-up peying twice.

Recmark. It is certainly truc.that the fact that consumers’ prefexences for
connectivity (per unil of Internet usage) are the same for all customers, creates
little scope for multihoming. Mote heterogeneity with respect to the benefits of
connectivity per upit of usage might generate some multihoming, but its extent
is likely to be Limited.

Remark. In our model, customers pay 2 fixed fee for Internet usege. Wouldn't
usage based pricing be more favorable to multihoming? It is not necessanly so,
for two reasons:

1. If the level of degradation is high, (8 is equal or close zero), usage-based
pricing does not chauge the analysis. Intuitively, for high levels of degrada-
tion, ussge is on-net usege, énd so multibormming amounts to paying p1 + P2
even under usage-based pricing. In other words, multihoming leads to s to-
Lal usage below the sum of t}xc twa usages under singlchoming oaly if Lhere
is a substantisl off-zet activity. Our cmphesis on total degradation implies
that multiheming is still suboptimal under usage-based pricing.

2. As we noted in the text, degradation sad non-linear pricing are comple-
mentary strategies for the dominent network. The fixed fex is an extreme
exarmnple of & price diseount. Mare generally, the dominant network might
sccompany degradation with some arnount of non-linear pricing.

4. Merger analysis

We now extend the Cournet model and consider a situation wheze initially four
backboucs are competing on an equal basis; that is, they each have an installed
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base of the same size,
8
B:= i

We first briefly consider this initial situation, and then anelyze the cutcome
of 5 merger between two of them, which creates a dominant position: the new
merged firtn has half of the installed base, whereas the other two still enly have
one fourth cach of the total installed Lase. For computational simplicity, we
assumne that cach beckbone may (unilaterally) choose to be compatible with each
of the other backbones (8;; = 0 ar 1), and we keep our earlier assumption that
compatibility requires cooperation of both parties. As we will Jater discuss, we
will further allow the buckbones to limit the treffic at the interfaces even when
they are cornpatible (6;; = 1).

We show that in the pre-merger situation, all barkbones have an incentive to
maintain the highest quality of interconnection. In the post-merger situation, the
small backbones again have agn incentive to maintsin a high quality of intercon-
nection, but the dominant backbone may not want to. To analyze this issue, we
consider three possible strategies for the dominant backbene:®

e Accommodation: The dominunt backbone does not degrade the quality of
interconnection with any other backbone; the industry is governed by ubig-
uitous peering agreernents.

e Global degrodation: The dominant backboae decides not to interconnect
at all. It is ther optimal for the other backbones to enter intoc a peering

agreement.

e Torgeted degradation: The dominant backbone refuses to dea] with one of
the other two and further limits the interfece capacity with the other back-
bone, so that the quality of this interface is excellent (we will assume “per-
feet”) if this backbone does not offer traosit to the other, but abysmal (we
will assume “equal to 0"} if the two small backbones enter = transit egree
ment,

(Constraining the interface with the non-largeled backbone: an illustrution. To
illustrate the limitstion of the intecrface with the nou-targeted backbone, let us
return to the interpretstion of the interconncction quality parameter as the in-
terface capacity. Assume for simplicity that all messages have the samc value v
(s0 w = v). Let u denote the capacity of the interface and ¢;; denote the po-
tential traffic between backbones § and j (2; = 2(8; + ¢,)(8; + ¢;)). Suppose

$We have thecled that the derivations below arc consistent with the reguirement that ouc
squilibria are stable.
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that tys + £33 2 p > £;3, and thfa.t network 1 refuses to interconnect with net-
wurk 2. In the absence of transit; the value of 2 message net of the delay cost is

, @hich is :bsetav(thntis , 8= ——-—k-—-- is close to 1) if & is
b— 112 v(u—1ty
small. In contrast, in the presence of transit, the equilibrium total traffic at the

intetface, £, is lower than t;y + tu and is such that interconnection with network
= 0.; In other words, the gain from connectivity is

U—-

1 is worthless : v — —

completely dissipated by the :ustamcs competition for sparse interface capacity.
Hence, transit is equivalent (in utﬂxtte! although not in outcomes) to the absence
of interconnection between netwotks 1 and 2 (83, = 0).

4.1. No merger: Competition among equals

We first analyze the outeome of the pre-mesger competition betwren the 4 sym-
metric backbones (8; = £/4). Building on the anslysis of the case of a duopoly,
and letting 8;; denote the quality ©of interconnection between backbones i and j,
backbone i’s profit function is |

o= {1—9- Zq,+.u( +g: +29.,(‘—j-+qj))—c]q;

el ¥

= (1-v) (M: -3 Kig - m-) %,

&

where

M, = — ,
1= w8y
beuw

K;,' =

Hence, the best response funct’pn is given by

D M= Y Ko
R“‘(anqﬁliﬁ)= Z;f "q’-

1
from which cen be derived the equilibrium capacities and profits. Intuitively, sinec
the backbones’ installed bases all hava the same size, the backbones will share
the same incentive to muintain the quality of interconnection, aad this can be
check=d formally. If, say, backboues 2, 3 and 4 maintain & perfect interconnection
between themsclves (83 = 8¢ = fag = 1), a given choice of (f12,6;3,8;,) leads
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in equilibrium to a capacity and a profit for backbone 1 which both decrease if
the quality of any interface ()2, 8,3 or 8y4) is decreased. As s counsequence, in
the abscnce of interconnection costs, in equilibrium all backbones maintain the
highest quality” and their profit is

m= (- - Srel,

4.2. Post-merger accomrnodation strategy

A merger between backbones 1 and 4 creates a “dominant backbone”, labelled
backbope 1, with an installed basc of size /2, competing with teo smalla back-
bopes (backbones 2 and 3), each with an installed base of size /4.

If the dominant backbone adopts the accommodatiou strategy (8;; = 1), then
the other two optirnally follow suit and cach backbone i muximizes

Q—g—gi+v(B+a+e)~ca,
and thur, fori=1,2,3:°

~ l=c+uf—-(1—-v)g-,
R‘ (Q-I) - 2 (1 - U) '
1—c+uB
4(1~v) "'
= (1-v)(g).
where the superscript ¢ stands for “accommodation”. Nute that in this situation
the dominant backbone loses the strategic benefit of its installed base.

& =

[ ]
w5

TThe analysis is mare complex if we take into account the fact that s backbone enuld react to
a degrsdation of & coanection by negotisting a transit agreement with another beckbone. One
con show that the rusults presented here still hold.

INote that the deminant backbone gets in that casc less thas in the pre-merger situation
(7t < 7}), a1 b standard in Cournot vligopoly models: We know sinec the work of S. W,
Salant, 5. Swityer and R. J. Reygolds (1883), "Luwses from horizontol merger: The effects of
an cxogenous chaage in industry structure on Cournot-Nadh equilibrium”, Quarterly Jeurnal of
Leonomics, 48:185-199, that in a Cournot framework s merger moy well incremse the aggregute
profits of the influstry but lower the profits of merging ficms. The Cournot apyroech lhus sffers
¢ ralicr pessinnlatic wew regarding Lhe profitability of ¢ merger. As can be chexked below, in
tlic confine of our mudel the merger can ealy be profitable when the deminant hackbane can
sfterwards abuse of its pasition throngh degrudation stratcgics. Other models, hased on price
competitiou rather than on quastity ar rapacity competition, exhibit higher profitabilities for
the merging entities, sincc the merger then ravults in higlhicr prices asd profits for the wmerging
firms w well as for the rewt of the industry.
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4.3. Global degradation strategy
If backlione 1 opts for the global degradalion strategy (8;; = 633 = 0,8 = 1), it

maximizes
[1"91 "9—1+U(§+Qa)"c] q1,
which yields :
1-C+”’§“(91+9‘=)
2(f—u) '

Ry (q2+ @)=

whereas backbone 1 € {2,3} maximizes
l-qi_q, -q,...i.u _2_+q‘+q’. -c| g

yielding
1—ct+vs —g-(1-v)g

The equilibrium values are then for the dominant backbone:

(1-3v) (1-c+222)

2(2 — 6u +3v7) '
o= (1-v) (),
with g for “global degredation”, and for cach of the smaller ones (i = 2, 3):

1 E ]

(1 - 2v) 1—=+32‘3)

7 = T 2(2-6u+ 3v7)
o= (1-v) (@)

We now check thel the dominant backbone never prefers to degrade the inter-
connection quality: 1] < 7} is equivalent to

(1-¢)(2-3v)+8(1—-2v) >0,
which is indeed always satisfied.

Aemark. That thc dominast backbone would not opt for global degradation
is easy to prove in the cuse where the two small buckbones can coordinate their
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cepacity decision, 8o as to maximize their joint prefits. In that situxtion, the final
result would be the same as in a duopoly with cqual installed bases, 8, = 8, =
B/2, with “@ = 17 in the case of sccommodatian, yielding

¢,=:= (1 —C+‘Uﬁ)=
YT o9l -v)

and “@ = 0" ip the case of global degradation, yvielding
ﬁ"sl-u l=c+vf/2 z.
g 1-2u/3

which is alweys smnaller than w;";f es we have alrcady observed, “equals” prefer
to maintain the best interconnection between them.

4.4. Divide and conquer: the strategy of targeted degradation

Cunsider now the strategy af targeted degradation, where backbene 1 does not
inlercannect with backbone 3 (6;; = 0) but rnaintains s high quality of interface
with backbonc 2 (6;2 = 1) as long as this backbone does not offer transit to back-
bene 3. On the other hand, the capacity of the interface between backboney 1
and 2 is limited, so that this interface is fully degreded if backbone 2 sccepted to
serve as a conduit for traffic between 3 and 1.

Let us first consider backbone 2°s transit decision. If it enters a transit agree-
ment with backbone 3, the situation that prevails is the same as in the case of
global degradation, which we have already examined. If instead backboue 2 does
not offer transit to the other small beckbonc, then the (inverse) demands for the
three Lackbones are respectively given by:

35
7 = l4+u T+q1+q: = g1 — Qa2 — g3,
P21 = 1+v(B+a+a+@G)—a—q—q,

B
Pl = 1+U('2'.+CZ2+9:) - q1= g1 — 3,

backbones 1 and 2 thus benefit rom 2 better interconnection quality than back-
bone 3 does (as it is perfectly cannected with the entire installed base, backbonc
2 actually enjoys an even better quslity than backbone 1 does). As a result,
backbone 3's market share is much reduced, which may benefit the other two
backbones. The equilibrium strategies, if intezior (g: > 0 for all ) satisfy:

3
1"=+?'4—ﬁ‘-(1'")?z"9:
q = 2(1—1}) [
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l—c+1vf-(1-v)g1-(1~v)qu

2 = 2(1—-0) 1
B
1—-:+u;—g,—(1——-u)q,
B = 2(1—v)

This enables us to compute the equilibriumn qusntities:

(1—2u)(1—c)+3(1—v)§-p;
no= 2(2—5v + 29 '

l—c:+ (7—-311)14'-6-

2= SE-na-y
vf
(1-2v)Q=c)=—(1+v)
_ 1
5 = 2@-w(Q-20) (41)

where 1 stands for “targeted degradation®.
Far conciseness, we will be mainly interested in the case in which hackbope 3

is not able in equilibrium to attract 2ay new customer (i.e. g3 = 0). This will be
the case when the g§ of equation (4.1) is negative, i.e. when

v (1—2v)(1-¢)
T > T+ o . (4.2)

Then, the eqﬁilibrium capacity g, and g, satisfy:

7= 2(1-v) '
l—c+vf—-(1=v)g
% 2(1—v) ’
and the equilibriurm is

— lZ(l-—c)-i-vﬁ

n 6 l-v !

2 _ 14(1-c)+598

% 12 1—-v )

and 7 = (1 —v)(g)".
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It can be checked that the targeted degradation sirategy clways induces the
small backbone 2 to refuse iransit services Lo the olher small backbone®. Backbone
1 prefers this largeted degraodalion strategy to accommedalion (even if o higher
quality of interconneclion is costless) if

#i>nteufcl-c
This inequality is compatible with (4.2) if

(1—211)(1—:)
4 -—
4 1 <vf<l—g

that is, if )
v > ’5

Remark (multihoming) Would customers waut to maultibomne to backbones 1
.and 3?7 (There is no point multihoming te backbone 2 and ancther backbone,
because backbone 2 provides perfect connectivity). Using ps = ¢, the reader will
check that in equilibrinm it is possible to have p; + p3 > p2, and so to obtein
perfect connectivity & custoroer is better off connecting to network 2 rether than
to multiborning. Hence, as in the duopaly case, multibaming does not arise in
this model (and usage-based pricing would not change this conclusion).

Remark, Targeted degzadation may be optimal for the dominant network
even if netwerk 3 still attracts some new consumers after degradation. One can
show that in thiy caue, it is still sptimal for backbone 2 not to provide transit to
backbone 3.

Remerk. Degradation would be even more appealing to the dominant back-
bone if

e the guality of interconnection were costly, and/er

e the dormpinant backbone could auction off betwwen backbones 2 and 3 the
“privilege” of not being targeted.

*Indeed:
i 1d(I=c)+50F 1—c+vf
L R R P 3(1-9)
ll=c+2uf
= SilzcrB
2 1-v °
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Appendix 2: Internet services,
on-net substitution
and the value of interconnection

22 April 1998

1 Introduction

The airm of this appendix is to study the incentives of 2 dominant Internet
backbone to degrade quality, at given market shares. (Appendix 1 focuses
on campetitior for macket share, ignering the substitution effect studied in
this appendix). An intuitive argument indicates that, by limiting the quality
of connection with the rest of the netwerk, the dominant backbone induces
its custorners to cormmunicate more intensely with each other, thus increas-
ing traffic on its nctwork and increasing its revenues. There is a seernmgly
straightforward counterargument, which seems to hold even for very large
networks: by doing so the dominant network decreases the utility that its
own customers derive from the services that it offers, and hence reduces its
own revenues. Indeed, according to this connterargument, even though each
of its custorners las little ccromunication with customexs of other networks,
the aggregate cost of degradation of the interconpection, aggregated over
many custorners, is large.

‘We show that this countersrgument has limited validity for the Internet.
We build a model with both users and suppliers of Internet services (one can
think of disl up customers and Web sites, or of teenagers and game sites, and
so on). Users have both a preferred supplier and a second choice supplier.
We assume that there are two petworks (it should be obvious that the same
reasaning would hold with more). If the preferred supplier of a user is on the
other network and if the quality of interconnection is bad encugh, she prefers



to visit her second choice supplier, as long as it is on the same network te
which she is connected. Using this very natural model of the demand for

services we show the [ollowing properties:

1. An increase in the quality of interconnection increases the revenuc that
the large network derives from users less than it increases the revenue
cof the smaller network. As a consequence, the large netwark has less
incentives to invest in quality.

2. An increase in the guality of interconnection decreases the revenue
that the large network derives from suppliers, whereas it increases the
revenue that the sroall network derives fram suppliers. On this ground,
the lerge network has a positive incentive Lo degrade gqualily.

3. As a consequence, the large network always hes less than socially op-
timal incentives to invest in quality, and if the weight of the revenue
from suppliers of services is important enough, it can actually have
incentives to degrade quality, even if this docs not reduce costs.

2 A simple model with no substitution

We consider an Internet to which are connected n users of services and m
suppliers. We will think of both n and n as being very lazge, with n »
few arders of magnitude greater thans m. The Internet is composed of two
networks, network 1 and network 2. A propertion o of the users and the
sarne proportion ay of the suppliers ure on network 1, while proportion a; =
1—a; of both users and suppliers sre connected to network 2. The assumption
that network 1 is the large network is formally stated as a3 > 1/2 > as.

Remark. In order to simplify the notation, we mssume that the same
proportion of suppliers and visitors are in each network. As explained in the
conclusion, this assumption can easily be dropped.

Assume first that each user has a single supplier to which she would like
to conpect. If the supplier is‘on-net she gets a utility of 1 (this is just a
normalization), while if the supplier is off-net she gets a utility of @ < 1. The
parameter § represents the guality of the interconnection. We assume that
Lbe preferences of uscxs arnong suppliers are independest of their location, so
that any user has a priori a probability 1 /m of preferring any given supplier.



Then, the average utility of users of petwork 1 is
ayx1l+arx8=1—a;(1-0). ¢))

Indeed, a proportion a; of the users of netwark 1 have their preferred supplier
on-pet and get a utility of 1, and 2 propertion a; = 1—a, have their preferred
supplier off-net and get a utility of 6. As consequence the lotal surplus of
visitors of network 1 is

m1(1 - a;(l - 9)) = ﬂ-(dl - a;a;(l b 9))
= n(al + aye,6).

Assume that the network succeeds in obtaining a revenue equal to A times the

total surplus that the visitara obtzin from the services they obtain. Then, an

increase df in quality yields for network 1 an increase in revenue najagAdé.
Similarly the average utility of users on petwork 2 is

1—oy(1 —-8),
and the total surplus of users on netwark 2 is
as + a;ajd.

Axn increase in quality yields the same increuse in revenue coming from users
for petwork 2 as it does for petwork 1.

Of course, in this model, one needs alsc to consider the surplus obtained
by the suppliers of serviczs. For simplicity, we will assurmne that the suppliers
are willing to pay a ccxrtain smount per “hit", i.c., per user that connects.
(One would obtain the same results if we sssumed that the surplus of the
suppliers is dependant on the utility of the users who connect.)

The total number of hits for each supplier is n/m, and is clearly inde-
pendent of its location. A change in the quality of interconncction does not
affect the suppliers, and the thesis according to which the two networks have
the sarne incentives to increase quality also holds on that side of the market.

Hence, in this very siomple framewmxk, it is correct that dominance does
not provide incentives for degradation (assuming, as we do throughout this
eppendix, that market shares are rigid). We wi]l see however that this con-
clusion is reversed as soon as there exists competition among suppliers.



3 Substitution and degradation

The airmn of this section is to show that the canclusion of the previous section
only holds because of the extremely simplified and unrealistic assumption
that we have made about demand. If uscrs are willing to trade-off content
for quality of comnection, as they obvicusly are, networks of different sizes
have different incentives to improve the quality of interconnection.

In order to explore this effect, we keep the same assurnptions about the
distributicn of users and suppliers, but we modify slightly the assumptions
about the utility of the users. Now, each of thern has two acceptable suppliers:
cennection to the preferred supplier yields a vtility of 1, while connection to
the second best supplier yields a utility of v € [0,1] (different users will
have different values of v). For simplicity, we assurpe that v is unifermly
distributed on [0,1], and furthermore that it is independent of the location
of the user.

3.1 Users
3.1.1 The utility of users

There are three relevant cases to study the behavier of a user:

o If hex favorite supplier is on-net, she connects to it and obtains a utility
of 1.

e If both her faverite and second-best suppliers are off-net, she connects
to her favorite supplier and obtains a utility of 4,

« If her favorite supplier is off-net and her second best supplier is on-net,
she compares the utility ‘that she derives from the favorite supplier, 8,
and the utility that she derives from ber second best supplier, u:

-~ il 8 2 v, she connects Lo her first best supplier;
= if @ < v, she connects to her wecond best supplier.

! We assumae that users connect to their favorits supplier when they sre indifferent, byt
this bas ahaolutsly no impect oo the resulta.



A user on network 1, the larpe network, for whom v € 8 (she prefers to
connect to her preferred supplier off-net than to her second choice supplier
on-net) hes «n expected utility of

a X1+a;x8=1—ay(1-0).

This is the same expression as in (1): the user chooses to connect to her
favorite supplier, and faces 2 loss of utility of 1 — 8 when this supplier if
off-ncet,

A uscr on network 1 for whom v > @ (she prefers to connect to her second
choice supplier on-net than to her preferred supplier off-net), has an expected
utility of (appraximately,? for.m large):

o + (1= &y)(asv + az6).

Indeed, with probability o her fevorite supplier is on-net and she gets a
utility of 1. Conditional to the fact that the favorite supplier is off-net, there
is a8 probability a; that the second best supplier is on-pet , and the utility
of the user is v in these cases. With probability a; both of her acceptable
suppliers are off-net , und her utility is 6.

‘We now computc the average utility of the users of network 1. (Remem-
ber that the parsmeter v is uniformly distributed between 0 and 1, and is
independent of the location of the acceptable suppliers of the user.) This

2Without this approximation her utility i

a-m—1
=1

o+ (1= a,)(’:l:nlﬂ -+

Indeed, with probability ¢e; ker fé.wtihe supplier is on-net and she gets a utility of 1. If
the favorite supplier is off-net, there is a probability

aym
m-1

that the serond best supplier is an-net (Lhere are m — 1 potential secand best suppliers,
and aq1n of them are on network 1), end the utility of the user is v in thewm cases. With

probubility
aam -1 ayn
=]~
m-—1 m—1
both of her acxeptable suppliers are:off-net (of the 7 - ]| poteuntisl second best supplicrs,
oym ~ ] are on network 2), end ber. utility is 4.
The expression in the text it sbtained as the limit when m goes to Infinity.




average utility is

8(1—aa(1 - 8)) + [ (ou+ (1= an)(ayw + 2g0)) d

(18
2
: 3
== -:-maga’ - a§8 + o

= e +8&2 + [ 37~ 1

Notﬂing that we have done up to this point depends on the [azt that
network 1 is the largest network, so that the average utility of & user in
network 2 i3

1-8)?

oy + Oy + ( .27

3
= %a-,azez + aga + oy

The total utility of users of network 1 is

1 K-
1/1(9) = on (Ea:]azaz <+ a§9 -+ oy 2 l) ,

and the total utility of users of network 2 is

0] 3 -
V2(8) = azn (%mazﬂ‘ +alf+a; 2“’) .

3.1.2 Quality choice by the networks

Given the dernand patterns that we have just studied, we now turn to the
quality choice by the netwarks. In this section, we assurne that their revenue
is proportional to the utility of the users, and reasen as if the revenue provided
by the suppliers were nil. As will be seen in the next section, lifting this
restrictive hypothesis will only reinforee our conclusions.

Relative preferences for quality of interconnection Notice fizst that
both V; and V; are increasing in & so that both netwerks would prefer high
quality, if it were free, Howev:'z, if the cast is increasing in 8, netwark 1 will
prefer a lower quality. To see this, note that

Vi(6) = ayn (arast + o)
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and
V;(8) = aon (a, a6 + ag) .

We obtain

Vi(6) —2(8) = n(an — ag)(en226 — cyaa)
= n(e; — a2)onaz(6 — 1)
< 0 )

Hence, for any @ network 1 has less incentives to increase quality than does
network 2. Because the functians V; ars convex, standard comparative statics
results do not epply and it requires a little bit mere work to show that the
preferred level of quality of network 1 is lower than the preferred level of
‘quality of network 2.

Praopasition 1 Assume that the cost function c(§) is differentichle. Then
the preferred gquality 8] of network 1 is smaller than the preferred gquakity 5;
of network 2.

Proof. By definition we must have (remember that a network receives as
revenue a proportion A of the utility of the users):

AV1(6;) —c(B]) = AVy(8;) —e(63),
AV4(87) — c(83) = AV(67) — c(6)).
Adding up, this implies
Wi(83) — Vi(83) 2 V4(67) — VA(83),

which 15 equivalent to

v [ vie)ae.

By (2), this implies 8; > 6;.
Note that if at Jeast ope of #] and #; is strictly between 0 and 1, we have
8] < 83, as the first arder conditions cannot be met for both networks at the

sarne quality. @



3.1.3 Equilibrium quality of interconnection

Propasition 1 does not establish that an increasc in the size of network 1 will
lead to a decrease in quality. Indeed, it leaves open the possibility that an
increase in a; would increase both 8] and §;, with 8] < 6;. Furthexrmore,
we have not explicitly described the way in which quality is be determined
when the two networks have different preferred levels.

In order to prove that an increase in a; (and the concurrent decrease in a,)
decreascs the quality of interconnection, we develop two possible scenarios
for its determination.

Veto power on quality We first assume that the guality is determined
by the network that desires the smallest quality (this is a natural assumption
for & market in which esch of the of networks can unilaterally refuse to invest
in the quality of the interface). In this sensa, either of the two networks bas
a veto power on any increase in the quality of interconnection.

Under these circumstances, it is network 1 which will choose the quality €
of interconnection. To show that an increase in a; and the corresponding
decrease in @ induce & decrease in equilibrium quality, it is sufficient tn show
thal the preferred quality of network 1 decreases when a; increases. To see
this notier that

1 oW . '}_B[a;(l—al)(a;0+1—m)]
n 888a; n doxy
= 1 — 4ex, +3a;‘+9a1(2—3a,).

When 8 = 1 this quantity is equal to 1 — 2a; < 0. When § = 0, it is equal to
1 — 4a; + 3a}, which is strictly negative (equal to —1/4) for a; = 1/2 and
equal to O for o; = 1, and hence, by strict coneavity, is also strictly negative
for any o, € [1/2,1). Therefore 3V, /880, is negative for = 0 and § = 1,
and bence, because it is linear in §, it is also negative [or &ll @ € (0,1).

A reascning exactly similar to that of the proof of proposition 1 is then
sufficient to prove that when a; increeses, the quality preferred by netwark 1
decreases, which proves the following proposition.

Proposition 2 If the equitibrium qualily is equal Lo the sngllest preferred
quality of the nebworks, the equilibrivm quality decreases us a; sncreases.



Networks agree on quality A natural objection to proposition 2 is
that if the netwarks disagree on the quality, they will bargain over the quality
of the interconnection, the smeller one, if necessary, subsidizing the larger
one. We are unsure about the importance of this argument in the case of the
Internct, where quality is partly “non-contractible”. However, even if it can
be contracted upon, an increase in o; leads to a decrease in the quality of
interconnection.

The players choase the guality that maximizes the sum of their profits.
Hencee, they agree on the quality 8 of interconnection that maximizes

AVy(8) + AV2(8) — 2<(8). (3)

‘We have

V(@) + (@) = on (%a;aﬁz +ald+ o 3 -zc:,)

1 \ 3 -
“+asn (3&1329" + aiﬁ + ey 202)
3

0 3~
= oogn (-E +8) -+ afn 201 +a;n

3—3:

Therefore d(V4(8) + V3 (6))

a8
Because this quantity decreases when a; incresses (and a; decresses), the @
that maximizes (3) decreases when o) increases (again appealing to the samic
reasoning as in the proof of proposition 1).
‘We heve therefore proved the follewing proposition:

an zz;a;n(ﬂ -+ 1).

Propasition 3 If the equililrium guality is dctermined by bargaining be-
lween the networks, the equilibrium gualily decreases os o, increases.

3.2 Suppliers

We now turn to the study of the incentives to increase the guality of intercon-
nection in order to incrcase the value of the networks to suppliers of services.
Fer this section, we assume that the revenue of a network is propertional to
the number of “hits” on its suppliers, that is to the number of users that
connect to thermn.



Consider a supplicr of services, let us call it A, on network 2. There will
be
"
. m
users who will conpect to A and get 2 utility of 1 (ne; users are on network 2
and 1/m of those have A as their first choice).
Some users will connect to A because Lheir fuvorite supplier is on net-
wark 1, but they prefer to connect on-pet to their second choice. There

are
ey Cey

m=-1 m-1

users connected to netwark 2 whose first choice is connected to network 1 and
who have A as their second cheice. (na; users on netwerk 2, a proportion o
of those have their first choice supplier on network L and 1/(m — 1) of thase
have A as their second choice). Among those users, vnly those for which
v 2> 6 will connect to A. Thereflore the total nurnber of on-net users who
connect to A as their second choice is

noy X ay x

niayoxy
— x (1 —6).
e Bl Chl)

There are
ney  maz - 1  na(ma;—1)

m m—-1  m(m=1)

users who conunect to A even though they are clients of network 1, because A
is their first choiee and their second choice is also on network 2 (na;/m users
who are on network 1 and have A as their first choice, and a proportion®
(may — 1)/(m — 1) of thase have their second choice on network 2). These
users have a utility of @, :

Finally, sume users arc connected to network 1, and have their second
choice on that network, but still prefer to use A4 because their v is small
There are

oy e

m me-=1 m=1
of thase (nay/m users are on network 1 and have A as their first choice, a
propertien tma; /(m — 1) of those whe have thez second cheice on network
1, and anly those users for which v < 6 choose to conuect off-net).

2
a;f

3Therc are m — | suppliers who arc candidates o be the facond choica supplier, and
"oy — 1 of them are on network 2.
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The total uumber of hits for & supplier on network 2 will therefore be

n neon nay(meay — 1) n o,
Lty 4 18209 _ g + [
m =+m-—1(1 )+ m(m—1) me1}

- -r-n._(-n;:Tj((m — 1)y + mayaz (1 — 8) + ay(me;g — 1) + mals)
n

= m(bmlnz +may -1+ Dﬂlcq(d; - az)) (1)

connections to A.

Similarly, the number of hits for a supplier on astwork 1 will be (nothing
in the reasoning leading to (4) depends on the fact that network 2 is the
smallest network)

n
m(Zmalag + mnay — 1+ mazﬂ(az - a;)).

We have!
o) + a8(a; — a1) = az + a18(an — a3),

and thercfare we have proved the following propesition:

Proposition 4 The number of hits for a supplier on nelwork ] is grester
(strictly greater if § < 1) than the number of hits for a supplier on network 2.

The total nurmber of hits on nactwork 2 will be

n
Ha(0) = m@ma,az + mo; = 1+ fma, (o; — az)may)
:i’l (2ma,a; + ma; — 1 + 8may (o) — a,)),

and similarly the total nurnber of hits on network 1 is®

H;(G) = ;E]T(%nma, + oy — 1+ 87’!&1(&2 -~ :!1)).

Proposition 5 An incresse sn the qualily of inlerconnection decreases the
lotal number of hits on netweik ] ond increases the lotal number of hits on
nelyork &,

4]t anffices to prove that the inequality holds for 0 = 0 and (waskly) for # = 1, which
is immediate.

31t {s amay to check by sddition of thase two formulas that the total number of hits is
indeed 13, as it should be.
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If the income of the networks is proportional to the nuraber of hits, net-
wark 1 will prefer a lower quality. In fact, the 0 that maximizes the revenue
that netwark 1 derives from suppliers is 0, while the & that maximizes the
revenue that network 2 derives from suppliers is 1! (The result that petwork 1
prefers § = 0 is perhaps extreme, and is related to the fact that usars are
never discouraged and, as 2 consequence, the total number of hits is inde-
pendent of the quality of the intercannection, although the users’ utility is
not. Nonetheless, it ilhustrutes well the general thrust of the argument.)

‘We can interpret H)(6) as the strength of the incentives of network 1 to
degrade quality. It depends on the size of the 8 coufBcient in H)(8),

Btdz(az —ay) = a;(1 = en)(1 = 2a),

which is increasing for &y < 1/2+ V/3/6 = 0.79. For a large range of values
of o), the larger network 1, the greater its incentives to degrade the quality
of interconnection!

3.3 Conclusion

We have shown that the use of & realistic model of the demand for Internet
services leads to [undarnentally different canclusions than those obtained
through the simplest naive model of demand. A large network has lower
incentives to upgrade the quality of interconnection with another network.

We have stopped short of 8 complete equilibriuin analysis in which the
incomes cbtained both from suppliers and users woukl Le aggregated, be-
cause the results would be straightforward given the analysis alresdy done
(whatever the relative weights given to the utility of users and the number of
hits on the providers, network 1 would have incentives to degrade quality).

Furthermore, we have not embedded the model in 2 full equilibrium
raodel, but the intreduction of the elements explored in this appendix would
only serve to reinforee the conclusion of our other appendix "A mede] of
strategic Internct backbone intcrconnection”: dominant backbenes do pase
a threat to connectivity!
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Appendix 6

WorldCom/MCI’s Domination of the Internet Backbone Market




